Objectives: To determine whether racial/ethnic disparities in 30/90/180-day mortality, major morbidity, and unplanned readmissions exist among universally insured older adult (!65 years) emergency general surgery patients; vary by diagnostic category; and can be explained by variations in geography, teaching status, age-cohort, and a hospital's percentage of minority patients. Summary of Background Data: As the US population ages and discussions surrounding the optimal method of insurance provision increasingly enter into national debate, longer-term outcomes are of paramount concern. It remains unclear the extent to which insurance changes disparities throughout patients' postacute recovery period among older adults. Methods: Survival analysis of 2008 to 2014 Medicare data using riskadjusted Cox proportional-hazards models. Results: A total of 6,779,649 older adults were included, of whom 82.8% identified as non-Hispanic white (NHW), 9.2% non-Hispanic black (NHB), 5.6% Hispanic, and 1.5% non-Hispanic Asian (NHA). Relative to NHW patients, each group of minority patients was significantly less likely to die [30-day NHB vs NHW hazard ratio (95% confidence interval): 0.88 (0.86-0.89)]. Differences became less apparent as outcomes approached 180 days [180-day NHB vs NHW: 1.00 (0.98-1.02)]. For major morbidity and unplanned readmission, differences among NHW, Hispanic, and NHA patients were comparable. NHB patients did consistently worse. Efforts to explain the occurrence found similar trends across diagnostic categories, but significant differences in disparities attributable to geography and the other included factors that combined accounted for up to 50% of readmission differences between racial/ethnic groups. Conclusion: The study found an inversion of racial/ethnic mortality differences and mitigation of non-NHB morbidity/readmission differences among universally insured older adults that decreased with time. Persistent disparities among nonagenarian patients and hospitals managing a regionally large share of minority patients warrant particular concern.
A wareness of racial and ethnic disparities in medical care rose to increased national prominence in 2003 with the publication of the Institute of Medicine's report Unequal Treatment. 1 Since that time, the presence of ''differential access, care, and outcomes due to factors such as race/ethnicity'' 1,2 has been widely described. Emergent cases requiring high-acuity care are thought to be at uniquely heightened risk. Despite efforts to standardize the care that patients receive, racially divergent social and access-related factors are known to influence when, where, and how emergency patients present for care. [3] [4] [5] [6] [7] For many emergency general surgery (EGS) patients-a group defined to represent both operative and nonoperative high-acuity, nontrauma patients who present to the Emergency Department (ED) 8 -prolonged postacute recovery periods often extend well beyond patients' index hospital visit. [9] [10] [11] It is a critical period that remains largely unstudied in disparities research. Recent calls from the National Institutes of Health and American College of Surgeons echo the issue, citing an urgent need for disparities work that encompasses longer-term outcomes of care. 2, 12 Prior assessment of longer-term outcomes among EGS patients-including mortality, major morbidity, and unplanned readmission-demonstrated the existence of racial/ethnic disparities at 30, 90, and 180 days among adults aged 18 to 64 years in California. 13 The study found that much of the difference could be explained by underlying variations in insurance, a hospital's percentage of racial/ethnic minority patients, and hospital teaching status. 13 When complete access to insurance was taken into account-as seen within a second national study of active military and civiliandependent EGS patients insured through TRICARE-mortality and readmission differences were not found. 14 For older adults in California aged !65 years, including those with and without Medicare, racial/ethnic differences were present but less pronounced. 13 It remains unknown how longer-term outcomes among older adults with universal access to insurance compare on a national scale, whether trends differ with geographic variation, and whether underlying factors beyond insurance differ in older versus younger adults. To that end, the objectives of this study were to determine whether (1) Racial/Ethnic disparities in 30-, 90-, and 180-day outcomes exist among a national longitudinally followed cohort of older adult EGS patients insured by Medicare; (2) Results vary among subgroups of EGS diagnostic categories 8 ; (3) Possible explanations for differential outcomes are related to a survivorship tendency among EGS patients that increases with age, 15 a hospital's percentage of older adult racial/ethnic minority patients, 13 and hospital teaching status 13 ; (4) State-level geographic variation exists.
METHODS

Data Source and Study Population
One hundred percent Medicare all-payer claims data collected by the Centers for Medicare & Medicaid Services (CMS) from 2008 to 2014 were queried for older adult ED encounters that resulted in subsequent inpatient admission. Included patients were required to present with a primary International Classification of Diseases, 9th edition, Clinical Modification (ICD-9-CM) diagnosis on inpatient admission consistent with an EGS condition, as defined by the American Association for the Surgery of Trauma. 8 Medicare data provide longitudinal follow-up of patient encounters from all Medicare-insured patients, representing >90% of hospital encounters in the US among patients of this age. In order to attain hospital-level information, included encounters were matched to managing hospital data contained within the American Hospital Association Annual Survey Database. 16 Patients discharged as transfers; with a second EGS admission within 180 days of index presentation; admitted/discharged after July 1, 2014, in order to ensure a minimum follow-up of 180 days; aged < 65 years on index admission; missing consistent HMO or Medicare Part A and B enrollment data; missing information for covariates of interest; or with errors in ICD-9-CM coding were excluded (Fig. 1) . Patients who died before 180 days were included for the amount of time that they survived. Subsequent EGS admissions for the same person were taken as second index admissions only after 180 days and if the second primary diagnosis was different than the first. Missingness was addressed using complete-cohort analysis except where otherwise specified with missing indicator variables. was defined on the basis of presence of !1 of the following complications calculated using ICD-9-CM codes: pneumonia, pulmonary embolism, renal failure, cardiovascular accident, myocardial infarction, cardiac arrest, acute respiratory distress syndrome, sepsis, and severe sepsis. Planned ''V-code'' readmissions were not counted as readmissions.
Statistical Analyses: Survival Analysis
Risk-adjusted outcomes were analyzed on the basis of differences in RTI race/ethnicity among included older adults and a subcohort of operative-only older adults using survival (time-toevent) analysis with Cox proportional-hazards models to give hazard ratios (HRs) and 95% confidence intervals (95% CIs). Use of survival analysis allows for control of censoring and accounts for the amount of time that patients are at risk. Group-specific cohorts for each outcome (mortality, major morbidity, unplanned readmission) at each time-point (30/90/180 days) were analyzed separately. Comparison to SSA race/ethnicity was included as a sensitivity analysis.
Within each survival cohort, multivariable models were used to control for confounding. Covariates were taken as baseline fixedeffects at the time of patients' index hospital admission. Patients who died (in-hospital or after discharge) were included in cohorts for morbidity and readmission but were censored at their times of death. Models were assessed for time-to-first event. They were checked for multicollinearity, appropriateness of proportional-hazards, and calibration. They accounted for clustering of patients within hospitals and relied on robust standard errors.
Subanalyses Assessing Which Factors Account for Racial/Ethnic Disparities Among EGS Patients
In order to determine whether the results could be explained by differences in diagnoses within a heterogeneous EGS population or by variations in hospital factors 13 /subgroup of age (65 to 79 years, octogenarian 80 to 89 years, nonagenarian !90 years), 15 subanalyses further analyzed stratified differences among (a) EGS diagnostic categories and (b) variations in age, hospital tertile of racial/ ethnic minority patients, and teaching status. Mediation analysis was performed for this later group of comparisons using the usergenerated Stata-program ''ldecomp'' 21 in order to estimate the part of race/ethnicity's effect on risk-adjusted unplanned readmissions explained by each factor independent of the others and by the collective influence of all 3. Fifty bootstrapped replications were used to ensure the consistency of the effect.
Geographic differences in 30-day mortality and unplanned readmissions were plotted by state between NHB and NHW patients. Data analyses were performed using Stata Statistical Software: Release 14.1 (College Station, TX) and SAS Statistical Software: Release 9.4 (Cary, NC). Two-sided P values < 0.05 were considered significant. The Partners Human Research Committee and Yale Human Investigation Committee deemed the study exempt from full review.
RESULTS
Differences in Covariates by Race/Ethnicity
A total of 6,779,649 older adults were included. The majority were identified as NHW (n ¼ 5,613,035; 82.8%), followed by NHB (n ¼ 625,413; 9.2%), Hispanic (n ¼ 381,865; 5.6%), NHA (n ¼ 99,904; 1.5%), and NHO (n ¼ 59,432; 1.1% 
Mortality
Fourteen percent (n ¼ 792,693) of NHW patients died within 180 days. In contrast, 16.0% (n ¼ 100,217) of NHB, 12.3% (n ¼ 46,790) of Hispanic, and 12.2% (n ¼ 12,159) of NHA patients died over the same timespan (Table 1) . On risk-adjusted analysis at 30 postadmission days, NHB patients were significantly less likely to die [HR (95% CI): 0.88 (0.86-0.89); Table 2 ]. At 90 or 180 days, however, no significant mortality differences were found. Significantly lower risk-adjusted mortality rates at 30, 90, and 180 days were also found when comparing Hispanic vs NHW [30- Table 2 , http://links.lww.com/SLA/B305) and using SSA race (Table 2 ).
Variations in Disparities by Diagnostic Category and Geography
Stratification of mortality differences by EGS diagnostic category between NHB and NHW patients is presented in Fig. 2A . The majority of risk-adjusted point-estimates indicate similar or better outcomes for NHB patients, with the greatest protective effects found among patients with GI bleeds and abdominal pain. At 90 and 180 days, NHB patients with soft tissue disorders and GI cancer were, however, more likely to die. Geographic differences are presented in Fig. 3 . Figure 3A shows the national distribution of NHB Medicare enrollees. States with the greatest riskadjusted protective mortality difference between NHB and NHW patients followed a similar trend (Fig. 3B) . The largest protective effects were predominately found in the Eastern US. Five statesCalifornia, Missouri, Wisconsin, Ohio, and New Jersey-had protective effects with HR 0.85 at 30 days. 
Major Morbidity
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mortality, morbidity differences based on SSA race (Table 2 ) and restricted to operative cases (Supplemental Table 2 , http://links.lww.com/SLA/B305) were similar to differences reported on the basis of RTI race.
Variations in Disparities by Diagnostic Category
Stratified comparison of diagnostic categories between NHB and NHW patients at 30, 90, and 180 days demonstrated a high degree of consistency with overall findings (Fig. 2B) . At 30 and 90 days, patients with soft tissue disorders and GI cancer exhibited the largest racial/ethnic morbidity differences. At 180 days, the largest differences were found among patients with GI cancer, pancreatic disorders, and enteritis. (Table 2) . NHA patients, in contrast, were significantly less likely to be readmitted at 30, 90, and 180 days [eg, 180-day HR (95% CI): 0.90 (0.89-0.92)]) Racial/Ethnic differences based on SSA race (Table 2 ) and restricted to operative cases (Supplemental Table 2 , http://links.lww.com/SLA/B305) were similar.
Unplanned Readmission
Variations in Disparities by Diagnostic Category and Geography
Stratification by EGS diagnostic categories between NHB and NHW patients demonstrated the consistency of the overall affect across diagnostic groups (Fig. 2C) . The greatest differences were the same at all 3 timepoints. They included enteritis, vascular disorders, and soft tissue disorders. Geographic differences in riskadjusted unplanned readmission were not as closely aligned as mortality with the geographic distribution of NHB Medicare enrollees. Instead, as shown in Fig. 3C , readmission differences at 30 postdischarge days were most pronounced toward the middle of the country, running in a West-East horizontal band that included 6 states with HR !1.15-California, Colorado, Kansas, Oklahoma, Illinois, and Pennsylvania.
Explaining Differences in Unplanned Readmission Based on Age-cohort, Hospital Teaching Status, and a Hospital's Percentage of Minority Patients
Tertile of minority patients managed within a hospital explained 16.8% of risk-adjusted readmission differences between NHB and NHW patients (Fig. 4A), 32 .1% of the difference between Results represent separate outcome and time-point specific Cox proportional-hazard models that accounted for clustering of patients within hospitals and were risk-adjusted for baseline differences in age, disability status, end-stage renal disease, sex, admission year, CCI, ICU use, discharge to rehabilitation, receipt of operative intervention, US Census region, rurality, hospital tertile of EGS volume, and EGS diagnostic category.
95% CI indicates 95% confidence interval; HR, hazard ratio; RTI, Research Triangle Institute; SSA, Social Security Administration.
Hispanic and NHW patients (Fig. 4B) , and 31.5% of the protective difference between NHA and NHW patients (Fig. 4C) at 180 postdischarge days. Teaching status explained a more modest 3.4%, 3.2%, and 1.1% of the effect. Finally, accounting for the so-called ''mortality survivorship tendency'' among octogenarian and nonagenarian EGS patients 15 (in addition to models already riskadjusted for age), explained an additional 2.5%, 7.3%, and 2.0% of readmission differences between racial/ethnic groups. For each minority group, relative to NHW patients, differences in readmission became more pronounced as patients increased in age from 65 to 79 to 80 to 89 to !90 years. Among Hispanic patients, age variation changed the significance of the effect, climbing from no difference in readmissions among Hispanic vs NHW adults aged 65 to 79 years to increasingly more pronounced and significant differences among FIGURE 2. Differences in risk-adjusted (A) mortality, (B) major morbidity, and (C) unplanned readmission between nonHispanic black and white patients at 30, 90, and 180 days stratified by diagnostic category. Results represent hazard ratios and 95% CI.
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Racial Disparities in Older Adults octogenarian and nonagenarian patients (Fig. 4B) . For NHA patients, it qualitatively changed the result, jumping from protective differences between NHA vs NHW adults aged 65 and 79 years to significantly worse readmission outcomes among nonagenarian patients (Fig. 4C) . Combined, these 3 factors explained 22.7% of the overall readmission difference between NHB and NHW patients at 180 days (27.3% at 30 days). They explained 42.6% and 34.5% of 180-day readmission differences for Hispanic and NHA patients, and 52.8% and 48.2% of 30-day readmission differences, respectively.
DISCUSSION
As the US population ages and discussions surrounding the optimal method of insurance provision increasingly enter into national debate, longer-term outcomes are of paramount concern.
FIGURE 2. (Continued).
Zogg et al
The results of this study help to address the burgeoning issue of how such changes could be affecting racial/ethnic disparities by providing a nuanced understanding of the extent to which racial/ethnic disparities among older adult EGS patients exist. Using a national cohort of universally insured Medicare patients, the study found that at 30 days, NHB, Hispanic, and NHA patients were each significantly less likely to die relative to NHW patients. The protective effect began to decline as outcomes approached 180 days and was accompanied by increasingly worse major morbidity and unplanned readmission differences between NHB and NHW patients. Morbidity and readmission outcomes among NHW, Hispanic, and NHA patients, in contrast, were largely comparable. Differences between racial/ethnic groups remained consistent across EGS diagnostic categories but were partially explained by variations in age-cohort, hospital teaching status, geography, and a hospital's percentage of minority patients.
FIGURE 2. (Continued).
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Understanding how longer-term outcomes influence the experience of older EGS patients holds important implications for health care planning in coming years. Already, EGS conditions represent a large proportion of annual hospitalizations, accounting (in conjunction with younger adults) for an estimated $28 billion in hospital costs and a disease burden greater than that of all incident cancer diagnoses. 20, 22, 23 By 2060, EGS costs are projected to increase to >$41 billion per year, largely as a result of the increasing number of older adults. 22 Addressing disparities within this population has the potential to both drive down costs and significantly improve outcomes for the >74 million Americans (1 in 5 people) expected to be aged !65 years within 10 years. 24 
The Role of Insurance
Compared with NHW patients, older adult minority patients were equivalently or less likely to die and had predominately similar outcomes for major morbidity and unplanned readmission. Rangel et al 25 and Cooper et al 10 suggest a similar lack of racial/ethnic mortality differences as far out as 365 days among older patients requiring emergency abdominal care. Such findings are thought to be at least partially explained by more equitable access to care as a result of insurance. Work conducted among universally insured TRI-CARE 14, 26 patients and variably insured younger adults in the general population 13 both demonstrated significant effects on longer-term EGS outcomes attributable to insurance. For younger adults in California, insurance explained up to 24.3% of risk-adjusted readmission differences between races. 13 It has also been found to invert disparate in-hospital mortality between NHB and NHW trauma patients of younger versus older age. 27, 28 The waning of insurance's influence on disparities in longerterm outcomes may be explained by the persistence of other geographic, patient, and hospital-level factors that in this study accounted for up to 50% of readmission differences between racial/ethnic groups. As older patients leave the hospital and re-enter their lives, influences beyond insurance and one's initial ability to access care and pay-such as health literacy, familial support, socioeconomic status, and nonfragmented follow-up or palliative care-are likely to be involved. The results of this study make clear that, while important, insurance alone does not account for the entirety of the complex array of factors 2, 12, 29, 30 associated with disparities in longer-term outcomes. Even in a universally insured population, some disparate outcomes remain. Future research is needed to better understand the influence of social determinants on older adult health during the postacute recovery period and to elucidate how such factors might differ among older versus younger adults. Differences in types of insurance should also be queried.
Other Factors Underlying the Occurrence of Racial/Ethnic Disparities
Additional measurable and potentially modifiable factors thought to have an effect on disparities among older adults include those associated with teaching status, 13,31-33 volume of (minority) patients, 13 ,34 a hospital's experience with EGS patients of more advanced age, 35, 36 and maintenance of postdischarge continuity of care. 37, 38 For older adults in our study, the effect of the volume of minority patients managed within a hospital explained up to 41.4% of risk-adjusted readmission differences. Variations likely attributable to differences in physiological and experiential factors FIGURE 3. State-level geographic distribution of (A) the percentage of non-Hispanic black Medicare beneficiaries among all Medicare beneficiaries in a state, (B) risk-adjusted 30-day mortality differences between non-Hispanic black and white patients (hazard ratios), and (C) risk-adjusted 30-day unplanned readmission differences between non-Hispanic black and white patients (hazard ratios).
encountered among patients of more advanced older age changed both the size and direction of differences among Hispanic and NHA patients.
For Hispanic patients, nonsignificant differences among patients aged 65 to 79 years, managed in hospitals treating the lowest percentage of minority patients, and managed in nonteaching hospitals each became significantly worse, as stratified differences moved toward older ages, a higher percentage of minority patients, or a more prominent teaching role. Worse outcomes among Hispanic patients of more advanced age present a striking contrast to better outcomes reported for Hispanic versus NHW adults aged 18 to 64 years. 13 Termed the ''Hispanic Paradox,'' the phenomenon among younger adults is thought to arise from a combination of healthier Hispanic patients being more likely to immigrate to the US and of those facing health threats returning home. 13, 39, 40 Stepwise changes with age toward worse outcomes could suggest a potential waning of the paradox's effect as older adults become less able to travel. NHA patients exhibited a similar pattern, resulting in significantly better outcomes relative to NHW patients aged 65 to 79 years but significantly worse outcomes among nonagenarian patients. Differences among NHA patients aged 18 to 64 years were also indicative of a protective effect. 13 Such a trend could speak to similar selective migration patterns among NHA patients of different ages. It could also suggest the influence of a cohort effect wherein older NHA patients are more likely to be first generation, have experienced discontinuities in care throughout their lifespans, and be faced with more pronounced language and cultural barriers relative to younger second and third-generation patients. [41] [42] [43] For all 3 groups of minority patients, differences in experiences throughout patients' lifespans likely help to account for the worsening of disparities seen with more advanced age. NHB patients, in particular, born before 1964 lived in US with legal segregation. Although relationships between races/ethnicities have improved, the effects of that time and the events that precede it are still present and could differentially be affecting the health of America's most senior generations. Increased utilization of SNF and IRF among NHB patients while positive in terms of access to rehabilitative care could also indicate differences in postdischarge trajectories, suggesting variable influences of access to familial support, care at home, and palliative counseling/care. 37 
Inversion/Mitigation of Mortality Differences
Among nonemergent surgical patients, racial disparities or ''gaps'' in short-term (in-hospital to 30-day) mortality between black and white patients of older age have been found to narrow in recent years, 44 while outcomes among trauma patients have remained largely unchanged 45 with black patients of older age tending to present with lower mortality relative to white trauma patients. 27, 28 The inverse/comparable mortality reported among NHB (and other minority) versus NHW EGS patients immediately after discharge in this study follows suit as does their higher rate of readmission within 30 days. 46 The extent to which these trends are a result of variable presentations of different types of patients to different hospitals, 46 at different times, and with potentially different levels of disease severity-particularly for minority patients presenting to the ED [3] [4] [5] [6] [7] -should be the subject of future research. It is not clear what accounts for better survival only to have presumably sicker patients return later with higher morbidity and readmission. Lower disease severity on initial presentation to the ED among minority patients could provide a potential explanation. However, it does not account for other social factors that tend to make minority patients present later in their disease course with more pronounced or hidden symptomatology [3] [4] [5] [6] [7] nor the similarity of the findings to nonemergent, non-ED based surgical indications. 44, 46 The Role of Geographic Variation Overall, despite largely consistent trends across diagnostic groups, the study did find geographic variation. Relative to NHW patients at 30 days, NHB older adults were significantly more likely to be readmitted if they lived in states with large population densities or large urban centers. The most pronounced racial/ethnic differences were found in a West-East band in the middle of the country in states that had low overall percentages of older adult NHB patients. Stratified readmission differences reported in Fig. 4 appear to corroborate the assertion, suggesting that the effects in these states might be able to be further isolated to hospitals managing a larger, regionally disproportionate share of minority patients. Additional research is needed to ascertain the existence and extent of this potential effect, particularly in light of ongoing efforts to promote enhanced regionalization of complex EGS care and a lack of disparate findings based on differences in patient volume alone. [47] [48] [49] [50] [51] Variations in mortality more closely aligned with the distribution of NHB Medicare enrollees, demonstrating a significantly lower risk of mortality relative to NHW patients in the majority of Eastern states and California.
Limitations and Conclusion
The study is not without limitations. Most reflect its reliance on administrative data, where a lack of nuanced clinical detail and the potential for absent or misreporting of events can be concerns. There is no agreed-upon manner to account for disease severity among EGS patients in large databases. 52 An inability to assess for disease severity could be influencing disparities in EGS care were, for example, minority patients more likely to utilize the ED regardless of disease severity relative to NHW patients who may be more likely to be admitted through the ED after presentation to a non-ED based outpatient setting. The decision to limit the sample to ED-based admissions was intended to ensure that the included admissions were emergent versus elective in nature; however, in defining the sample this way, the study could be excluding some patients who would otherwise qualify as emergent admissions but never presented to the ED before receiving inpatient care. What use of Medicare data does offer is longitudinal follow-up of a large, national, and completely inclusive population of universally insured older adults that represents the vast majority of US patients at this age. No other database enables such assessment.
Ultimately, racial/ethnic disparities among universally insured older adults on a national scale were largely not found. Notable exceptions include a proximal perioperative protective mortality effect that decreased with time and persistently worse outcomes for major morbidity and unplanned readmission among NHB patients. Trends were consistent across diagnostic groups. However, variations in age-cohort, hospital teaching status, geography, and a hospital's percentage of minority patients all significantly altered the effect. Remaining disparities among nonagenarian patients and hospitals managing a regionally large share of minority patients require attention and could merit future concern. As calls for disparities research, health care reform, and the increasing number of older adults begin to turn attention toward what happens to patients outside of hospital doors, addressing longer-term outcomes offers an important first step toward understanding and preparing to account for the unique experience of older adults.
